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Abstract
Aim: This study was designed to evaluate the infection rates, infectious agents, comorbidity, death, length of hospital stay and antibiotic treatment of patients 
who were treated with vacuum- assisted closure treatment (VAC) with conventional treatment methods in deep sternal wound infections developed after open 
heart surgery.
Material and Methods: Fifty-nine patients who underwent VAC treatment with the diagnosis of deep sternal wound infection after open heart surgery in a 
single center between November 1, 2012 and June 1, 2020 were included in the study. Patient data were analyzed retrospectively.
Results: Twenty-four women (40%) and 35 men (60%) were included in the study. The mean age of the patients was 60.37 years (min 17 years -max 79 years) 
and the mean BMI was 28.1 (min 21 -max 35). Comorbidities were as follows: 20 patients had diabetes mellitus (DM) (34%), 7 had the chronic obstructive 
pulmonary disease (COPD) (12%), and 4 had chronic kidney failure (CRF) (7%). Distribution of operating procedures was as follows: 40 (68%) patients 
underwent coronary artery bypass graft (CABG) surgery, 4 (6.8%) patients underwent heart valve replacement, 4 (6.8%) patients underwent CABG+valve 
placement, 6 (10%) patients underwent ascending aortic surgery and artificial graft was applied to 5 (8,4%)  patients. Left Internal Mammary Artery (LIMA) 
was used in 7 (11.8%) patients, and Right Internal Mammary Artery (RIMA) was used in 1 (1.6%) patient. Twenty-one (35.6%) patients were reoperated. 
Antibiotic treatment was started in 49 (83%) patients. The mean time of antibiotic use was 23 days (min 23- max 85 days), the mean hospitalization time was 
59.3 days (min 2 -max 259 days), the mean hospitalization time in the cardiovascular surgery intensive care unit (CVSICU) was 30.9 days (min 4 - max 252 
days). The patients’ European System for Cardiac Operative Risk Evaluation (EuroScore) rates were as follows: 65% low, 39% intermediate, and 26% high risk, 
respectively. Mortality was found in 13 (22%) of the patients.
Laboratory findings were as follows: WBC: 9450 (x103/µL) (min 4000-max 19000), CRP 8.3mg/dL (0.3-31), procalcitonin pg/mL0.6 (0.01-8.3).  There was 
growth in the deep wound culture in 33 patients (56%). Single microorganism was detected in 22 (66.6%) of them and mixed growth was found in 11 
(33.3%) patients. Distribution of agents was respectively Methicillin-Resistant Staphylococcus aureus 7 (27%), Pseudomonas aeruginosa 6 (22%), Klebsiella 
pneumoniae 2 (9%), Acinetobacter baumanii 2 (9%), Candida albicans 2 (9%), Escherichia coli 1 (% 4.5), Serratia marcescens 1 (4.5%), Methicillin Sensitive 
Staphylococcus aureus 1 (4.5%).
Discussion: In the treatment of deep sternal wound infections after open heart surgery, vacuum-assisted closure is a safe and effective method that accelerates 
wound healing, shortens hospital stay, and provides earlier eradication of microorganisms in the wound site.
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Introduction
The first attempts at heart surgery were made by Clarence 
Dennis in 1951. Cardiac surgery experienced a revolution 
and began to evolve rapidly with the introduction of 
cardiopulmonary bypass (CPB). Over the years, side effects 
caused by extracorporeal circulation have also started to be 
seen and many studies have been carried out to minimize 
these side effects. Open heart surgery is a surgical procedure 
performed with cardiopulmonary bypass and takes a longer 
time than standard surgical procedures. Over the past 20 years, 
in our country, the number of heart surgery centers, as well as 
local or systemic infections after surgery, has increased, which 
negatively affects the length of hospital stay, the cost and 
quality of life, and increases mortality. Heart surgery under CPB 
activates the immune system. The cytokine is released with the 
activation of the immune system, causing the provocation of the 
systemic inflammatory response by activating the coagulation, 
complement system and leukocytes. This warning also leads to 
organ damage and postoperative morbidity [1,2].
In the patients, the sternal area supply may be impaired, 
especially due to the removal of the LIMA in CABG and 
the removal of the RIMA in some patients. After open heart 
surgery, patients often stay in the intensive care unit for at 
least one day. Sternal wound infection (SWI) is an important 
complication associated with morbidity and mortality that may 
develop after open heart surgery. The spectrum of SWI ranges 
from superficial, deep, mediastinitis followed by involvement of 
the sternum (tissues other than sternal dehiscence and organ 
incision myelitis) [3].
There are classical methods of treatment such as debridement, 
revision with fasciocutaneous flap or muscle flap. As a result 
of the study, it was determined that VAC treatment was much 
more successful and less expensive compared to conventional 
methods in terms of complications such as mortality, sepsis, 
mediastinitis, need for surgical revision, and delayed infection 
[4].
Vacuum-assisted closure (VAC) was introduced for the 
treatment of sternal wound infections in 1997 and has been 
increasingly used since then [5]. VAC is a wound healing method 
that uses a dressing system that continuously or intermittently 
applies negative pressure to the wound surface. It can be used 
in the treatment of both acute and chronic wounds and complex 
wounds such as burns [6].
The purpose of VAC therapy is to apply intermittent or 
continuous controlled negative pressure to the wound area, 
to distribute the pressure evenly over the wound area and to 
ensure that the fluid is continuously absorbed from the wound. 
In this way, edema in the intercellular space decreases, tissue 
blood supply and granulation tissue formation increase [7]. The 
most commonly used negative pressure level in adults is ~125 
mm Hg [8]. Granulation tissue formation occurs through the 
acceleration of capillary blood flow, angiogenesis, and increased 
endothelial cell proliferation. Again, the mechanical stimulation 
obtained by VAC therapy is converted into a biological effect 
in cells through IL-8 and vascular endothelial growth factors. 
Thus, neovascularization increases in the applied area and 
wound closure is accelerated.
Treatment traditionally consists of early wound debridement, 

mediastinal irrigation with antiseptic antibiotic solutions, and 
a combination of surgery and IV antibiotic therapy reserved for 
severe cases [9,10].
Established treatment in most centers includes surgical 
debridement, drainage, irrigation, and reconstruction with an 
omental or pectoral muscle flap and delayed closure [11,12].

Material and Methods
Between November 1, 2012 and June 1, 2020, 59 patients who 
underwent VAC treatment with the diagnosis of deep sternal 
wound infection after open heart surgery in Kosuyolu Yuksek 
Ihtisas Training and Research Hospital Cardiovascular Surgery 
Clinics were included in the study. Patient data were obtained 
retrospectively from the daily surveillance visits of the infection 
team and from the hospital information management system. 
This study was conducted in accordance with the Declaration 
of Helsinki and was approved by the Kosuyolu Yuksek Ihtisas 
Training and Research Hospital Non-Interventional Clinical 
Research Ethics Committee (Date: 17.01.2019, Number: 
2019.1/3-151).
The Centers for Disease Control and Prevention [(CDC), Surgical 
Site Infection Event Jan 2022] criteria used in the diagnosis of 
deep incisional surgical site infections are as follows:
- The date of the event occurs within 30 or 90 days after the 
National Healthcare Safety Network operative procedure
- Deep soft tissues of the incision are involved (for example, 
fascial and muscular layers)
- The patient has at least one of the following:
a. purulent discharge from a deep incision.
b. a deep incision that spontaneously opens, or is deliberately 
opened or aspirated by a surgeon, physician* or an authorized 
physician
- microorganism(s) identified from the deep soft tissues of the 
incision by culture or non-culture microbiological testing that is 
carried out for clinical diagnosis or treatment (e.g. non-active 
culture observation/testing (ASC/AST)), or cultured or non-
cultured microbiological testing method is not carried out. A 
negative culture or non-culture test from the deep soft tissues 
of the incision does not meet this criterion.
The patient has at least one of the following signs or symptoms:
- fever (>38°C);
- localized pain or tenderness.
c. an abscess or other signs of infection associated with a deep 
incision are found on general anatomical or histopathological 
examination or on imaging studies.
There are two specific types of deep postoperative SSIs:
1. Deep Incisional Primary (DIP) - deep incisional SSI, which is 
detected in the primary incision in a patient who underwent 
surgery with one or more incisions.
2. Deep Secondary Incision (DIS) - A deep SSI incision that is 
defined in a secondary incision in a patient undergoing surgery 
with more than one incision.
Microbiological evaluation
Various clinical specimens (swabs or deep tissue obtained 
from trucut biopsy) were sent to the microbiology laboratory. 
The samples were cultivated in a solid medium using the 
quantitative method and incubated at 37°C for 24-48 hours in 
a culture incubator (NUVE EN400, Turkey). Identification and 
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antibiotic susceptibility tests were performed with VITEK® 2 
Compact (bioMérieux, France) according to the criteria of the 
European Committee for Antimicrobial Susceptibility Testing 
(EUCAST).
White blood count (WBC), C-reactive protein (CRP), procalcitonin 
and wound cultures were taken. Resistance status and antibiotic 
susceptibility of microorganisms isolated from wound culture 
were examined. In the study, vacuum-assisted wound closure 
VAC system (V.A.C. Therapy; KCI, an Acelity Company, San 
Antonio, TX, USA) was used. Negative pressure ranging from 
- 75 to -125 mmHg was applied to the wound continuously 
for the first two days and intermittently in the following days. 
Dressing changes were made every 48 hours.
All patients were treated with empirical broad-spectrum 
antibiotics after receiving infectious diseases consultation. 
Antibiotherapy was applied specifically to the pathogen 
according to the results of microbiological wound culture. 
No patient was started on prophylactic antifungal therapy. 
Antifungal therapy was added to the treatment of the patients 
because fungal infections were detected in the culture results 
of the two patients.
Empirical IV antibiotic therapy, which is usually a combination 
of piperacillin-tazobactam and vancomycin, is usually initiated 
when clinical suspicion of DSWI arises before the surgical 
procedure. The duration of treatment for mediastinitis infection 
is 4-6 weeks, and at least 2 weeks of IV antibiotic therapy is 
common practice.
The primary aim of this study is to evaluate infections, 
underlying diseases, the time of intensive care and hospital stay, 
microorganisms detected, antibiotics used and the duration of 
treatment with antibiotics in patients who developed VAC after 
open heart surgery.
Statistical analysis
Data were analyzed using SPSS for Windows 25.0 program. 
Mean±standard deviation and median (min.-max.) were used 
as descriptive statistics. In the evaluation of data, numbers 
and percentages were used as descriptive statistics, and the 
Chi-square test was used in the analysis of categorical data. 
Categorical values were evaluated with Student’s T-test. 
Statistical significance was evaluated at the p < 0.05 level.
Ethical Approval
Ethics Committee approval for the study was obtained.

Results
Twenty-four (40%) of the patients were female and 35 (60%) 
were male. The mean age of the patients was 60.37 (min17 
-max 79), the mean BSI  was 1.91±0.17. Comorbidity rates were 
as follows: diabetes mellitus (DM) in 20 (34%) patients, HT in 18 
(30.5%) patients, chronic obstructive pulmonary disease (COPD) 
in 7 (12%) patients, and chronic renal failure (CRF)  in 4 (7%) 
patients. Distribution of operating procedures was as follows:  
40 (68%) coronary artery bypass grafts (CABG), 4 (6.8%) heart 
valve replacements, 4 (6.8%) CABG+valve placements, 6 (10%) 
ascending aortic surgeries and artificial graft was applied to 
5 (8,4%) patients (Table 1). Twenty-one (35.6%) patients were 
reoperated. LIMA was applied to 7 (11.8%) and RIMA to 1 
(1.6%); 13 patients (22%) died. Antibiotic treatment was started 
in 49 (83%) patients. The mean duration of antibiotic treatment 

was 23 days (min 23-max 85), the mean hospitalization time 
was 59.3 days (min 2 - max 259), the mean hospital stay in 
cardiovascular surgery intensive care unit was 30.9 days (min 
4- max 252). According to the EuroSCORE (European System 
for Cardiac Operative Risk Evaluation) evaluation, 65% were 
low risk, 39% were medium, 26% were  high risk. The mortality 
rate was 22% (13 patients). VAC changes were made at 2-day 
intervals and it was determined that changes were made every 
56 days (min 4-max 206) on average. Laboratory findings were 

Table 1. Surgical Procedures Applied to the Patients

Operation type Number (n=59)

CABG 40 (%68)

Ascending Aorta Surgery   6 (%10)

Artificial Graft   5 (%8,4)

Valve Surgery   4 (%6,8)

CABG+Valve Surgery   4 (%6,8)

CABG: Coronary artery bypass graft

Preoperative parameters P-value

Age (years)      Mean± SD 60,7 ± 8,6 0.072

BSA (kg/m2) Mean± SD 1,91 ± 0.17 0.006

Gender (F/M) n (%) 24/60 0.004

DM                     n (%) 20 (%34) 0.008

Hypertension n (%) 18 (%30.5) 0.009

Chronic kidney failure n (%) 4 (%7) 0.001

COPD                       n (%) 7 (%12) 0.003

Preoperative Laboratory parameters

WBC (x109/l)                                  Mean± SD 9,45 (8,79-10,27) 0.013

CRP (mg/l) Median (min.-max.) 8,30 (0.3-31) O.018

Procalcitonin (mg/l)                     Median (min.-max.) 0,6 (0,01-8,31) 0.003

Total length of hospitalization 
stay (day) Median (min.-max.) 59,3 (48,5-72,6) 0.041

Length of stay in the intensive 
care unit (day) Median (min.-max.) 30,9 (20,3-44,1) 0.435

VAC time (day) Median (min.-max.) 4-206 0.036

Antibiotic use days (day) Median (min.-max.) 23 (18-28) 0.313

Reoperation n (%) 21 (%35,6) 0.325

Mortality n (%) 13 (%22) 0.212

LIMA n (%)  7 (%11,8) 0.003

RIMA n (%) 1 (%1,6) 0.001

Microorganism Number (n=22)

MRSA 7 (%27)

Pseudomonas aeruginosa 6 (%22)

Klebsiella pneumoniae 2 (%9)

Acinetobacter baumannii 2 (%9)

Candida albicans 2 (%9)

MSSA 1 (%4,5)

Serratia marcescens 1 (%4,5)

Escherichia coli 1 (%4,5)

MRSA: Methicillin resistant S.aureus, MSSA: Methicillin sensitive S.aureus

Table 3. Operative parameters

Table 2. Microorganisms Growing in Wound Culture
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as follows: mean Wbc: 9450 (x103 /µL) (min 4000-max 19000), 
mean CRP 8.3 mg/dL (min 0.3-max 31) mean procalcitonin 
(pg/mL) 0.6 (min 0.01-max 8.3).  Growth was observed in deep 
wound cultures of 33 patients (56%), 11 of which were mixed 
growths. 
Seven Methicillin Resistant S.aureus (27%), 6 Pseudomonas 
aeruginosa (22%), 2 Klebsiella pneumoniae (9%), 2 Acinetobacter 
baumannii (9%), 2 Candida albicans (9%),1 Escherichia coli 
(4.5%), 1 Serratia marcescens (4.5%), 1 Methicillin Sensitive 
S.aureus (4.5%) were seen (Table 2).
Cefazolin sodium 1 g was given as preoperative surgical 
prophylaxis. Patients were treated empirically until culture 
results were obtained, and then according to the culture results 
in accordance with the recommendations of infectious disease 
specialists (Table 3).

Discussion
There is a wide range of sternal infections, from serious 
infections such as life-threatening mediastinitis to superficial 
simple infections. Superficial sternal infections are more 
common, while deep sternal infections (mediastinitis, 
osteomyelitis) are less common [13]. All patients included in our 
study who have received VAC support were followed up with the 
diagnosis of deep incisional surgical site infection.
Although deep sternal infections are rare, they are serious 
complications that can result in death due to late and incorrect 
treatment, and have been reported to prolong the hospital stay, 
increase the cost of treatment, and cause high morbidity such 
as 7-80% [14]. Morykwas et al. showed that the application of 
an average of -125 mmHg pressure increased the blood flow 
in the wound area 4 times, the application with an interval of 
2 minutes after an average of 5-7 minutes of application and 
the highest level of local blood flow accelerated wound healing 
[15,16].
In our study, the mean duration of VAC stay was 56 days (min 
4-max 206) and VAC changes were made at 2-day intervals. Risk 
factors for sternal infections are age, gender, obesity, diabetes 
mellitus, chronic obstructive pulmonary disease, peripheral 
arterial disease, use of bilateral internal mammary arteries, 
long-term ventilation support, and reoperation for bleeding 
[18]. Twenty patients had a history of diabetes, 59 patients had 
a history of cardiovascular disease, and 4 patients had a history 
of renal failure. Four patients had a history of COPD. When the 
effects of all these risk factors on mortality were examined, no 
statistically significant difference was found (p>0.005).
The most important factor in the pathogenesis of SWI is 
intraoperative wound contamination and its interaction 
with host factors such as local blood supply, nutrition and 
immunological status. Almost any microorganism can cause 
mediastinitis, but the most frequently isolated microorganisms 
are Staphylococcus aureus, followed by Gram-negative bacilli, 
coagulase-negative Staphylococci (CNS), and Streptococci [19].
In another study, the etiologic pathogens were found to be 
Staphylococcus aureus, coagulase-negative Staphylococci 
(CoNS) and Gram-negative bacteria [20]. In our study, similar 
to the previous study, the first agent was MRSA, but the most 
common reproductive agent was Pseudomonas aeruginosa 
(22%). The prevalence of open heart surgery has also brought 

the risk of infection. Steingrimsson et al. reported a patient 
in the VAC group with a resistant infection, Pseudomonas 
aeruginosa [21].
In our study, a growth in deep tissue culture was seen in 33 
patients (56%), a growth was seen in 11 of them. In 7 patients, 
Methicillin-Resistant S.aureus (27%), in 6 Pseudomonas 
aeruginosa (22%), in 2 Klebsiella pneumoniae (9%), in 2 
Acinetobacter baumannii (9%), in 2 Candida albicans (9%) ), in 1 
E.coli (4.5%) ), in 1 Serratia marcescens (4.5%), in 1 Methicillin-
Sensitive S.aureus (4.5%) were detected.
In the study by Braakenburg et al., 9 patients in the VAC group 
and 15 patients in the other conventional treatment group were 
treated with antibiotics. Patients in the VAC group were given 
antibiotics for an average of 16 days, while those in the other 
group were given antibiotics for 20 days [22].
Although antibiotic selection, optimal dose, duration, and timing 
are controversial, preoperative antibiotic prophylaxis is one of 
the most important tools in the treatment [23].
In our study, antibiotic treatment was started in 49 (83%) 
patients. The mean duration of antibiotic use was 23 days (min 
23- max 85).
In a retrospective cohort study by Steingrimsson et al., 
conventional and VAC treatment methods applied to 43 patients 
with deep sternal wound infection were compared in terms 
of length of hospital stay, mortality, 1-year mortality, early 
reinfection, and chronic sternal infection. They reported that 
there was no difference between the two groups. However, they 
emphasized that 35% of the patients treated with conventional 
methods developed early reinfection [20].
The incidence of mediastinitis has been reported to be between 
0.6% and 5% in different series, and mortality rates varied 
between 10% and 45% despite adequate medical and surgical 
treatment [23].
The study by Vos et al.  in 2012 included 113 patients who 
developed mediastinitis after poststernotomy. In this 
retrospective study, they applied VAC therapy to 89 patients 
and open dressing therapy to 24 patients. They found hospital 
mortality as 12.4% in the VAC group and 41.7% in the open-
dressing group [24].
They found that long-term antibiotic therapy for SWI was 
associated with mortality and morbidity, with wound incision 
and drainage alone having a failure rate of 39% and a mortality 
rate of 23%.
Conclusion
In the treatment of deep sternal wound infections after open 
heart surgery, vacuum-assisted closure is a safe and effective 
method that accelerates wound healing, shortens hospital 
stay, and provides earlier eradication of microorganisms in the 
wound.
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